Abstract We sought to determine risk factors, pattern and outcome of acute graft versus host disease (aGVHD) in seventy-seven acute leukemia patients who underwent allogeneic stem cell transplant at our centre from January 2008 to March 2013. GVHD prophylaxis with cyclosporine-methotrexate or cyclosporine-mycophenolate mofetil was used. Patients were divided in 2 groups, grade II-IV aGVHD (group A) and grade 0-I aGVHD (group B). Incidence of any grade and grade II-IV aGVHD was 44 and 18 %, respectively. The most common site of aGVHD was gastro-intestinal tract (65 %) followed by skin (35 %). Higher total nucleated cell (TNC) dose infused was associated with increased incidence of grade II-IV aGVHD.
Introduction
Allogeneic stem cell transplant (ASCT) is an important and effective treatment modality for treating patients with acute leukemia. However, the benefits of ASCT are offset to an extent by increased morbidity and mortality associated with GVHD [1] . Established acute graft versus host disease (aGVHD) is difficult to treat, with systemic steroids being the mainstay of therapy [2, 3] . However, aGVHD can be effectively prevented to some extent by use of immunosuppressive drugs [4] . CsA combined with either methotrexate (MTX) or mycophenolate mofetil (MMF) remain the most common immunosuppressive drugs used for GVHD prophylaxis [5] [6] [7] . But, excessive immunosuppression to decrease the risk of GVHD leads to increased risk of relapse [decreased graft versus leukemia effect (GVL)], graft rejection and delayed immune reconstitution predisposing to infections [8] [9] [10] . Therefore, it is required to carefully titrate the doses of immunosuppressive agents in order to maintain just adequate immunosuppression which prevents GVHD and also does not hamper GVL effect. Such a strategy would lead to best optimization of transplant outcomes in acute leukemia.
Several factors including patient-donor related factors, disease related factors, conditioning regimen and GVHD prophylaxis used can influence the incidence and severity of aGVHD [11] [12] [13] [14] [15] [16] [17] . However, variation is seen across different studies with respect to risk factors for development of aGVHD as well as the incidence, severity and pattern of organ involvement in aGVHD. One potential reason for these differences could be the fact that these studies included patients who were transplanted for a spectrum of malignant and non-malignant hematological disorders. Therefore, this study was done with the aim to determine risk factors, severity and pattern of aGVHD in acute leukemia patients undergoing ASCT. We also sought to determine if the development of severe aGVHD had an impact on post-transplant outcomes including transplant related mortality (TRM), leukemia relapse and survival.
Materials and Methods

Patients
All patients diagnosed with acute myeloid leukemia (AML), acute lymphoblastic leukemia (ALL) and acute leukemia of ambiguous lineage (ABL) who underwent ASCT from January 2008 to March 2013 were included in this retrospective study. Patients were either in first (CR-1) or second (CR-2) remission or in relapsed/refractory (RR) state at the time of transplant. High risk ALL was defined by at least one of the following characteristics-poor risk cytogenetics [t(9;22), t(1;19), t(4;11), hypodiploidy, complex karyotype], total leucocyte count (TLC) [100 9 10 9 /L at baseline, not achieving CR after induction, disease stage CCR-2 or persistent disease at transplant. Poor risk AML was characterized by at least one of the following: unfavorable cytogenetics [complex karyotype, monosomal karyotype, del 5, del 7, 5q-, 7q-, inv(3), t(3;3), t(6;9), 11q23 translocations], TLC [100 9 110 9 /L at baseline, not achieving CR after induction, disease stage CCR-2 or persistent disease at transplant. Depending on availability of human leucocyte antigen (HLA) matched donor, patients underwent either matched related donor (MRD) transplant, MRD transplant or haplo-identical donor (HID) transplant. Hematopoietic stem cell graft was either T cell replete granulocyte-colony stimulating factor (G-CSF) mobilized peripheral blood stem cells (PBSCs), bone marrow harvest or cord blood derived stem cells.
Conditioning Regimen and GVHD Prophylaxis
Conditioning regimen was full intensity (FI) i.e. Total Body Irradiation with cyclophosphamide (TBI-Cy) or busulfan with cyclophosphamide (BuCy) in 27 (35 %) transplants and reduced intensity (RI) i.e. fludarabine based in 50 (65 %) transplants. TBI dose in FI conditioning regimen was 12-14.4 Gy in 8 fractions over 4 days from day-7 to day-4 while cyclophosphamide was given as 60 mg/kg intravenously(iv) over 2 h on day-3 and day-2. Busulfan was given oral as 4 mg/kg/day in 4 divided doses for 4 days from day-8 to day-5 with cyclophosphamide as 60 mg/kg intravenous over 2 h on day -3 and day-2. In RI conditioning regimen fludarabine was used iv at a dose of 30 mg/m 2 from day-7 to day-3 in combination with one of the alkylating agents (melphalan-140 mg/m 2 , oral busulfan-8-12 mg/kg, cyclophosphamide-120 mg/kg, treosulfan-42 g/m 2 ) with or without 2 Gy TBI. GVHD prophylaxis was CsA ? MTX in 53 (68.8 %) patients and CsA ? MMF in 24 (31.2 %) patients. CsA and MMF was started on day-1 of transplant at 1.5 mg/kg/twice daily iv as 2 h infusion and 600 mg/m 2 /twice daily orally, respectively. Trough CsA blood level was measured twice weekly by chemiluminiscence assay (Architect analyser, Abbott Healthcare -detection limit 25 ng/ml) starting from day ?3 to day ?5 of transplant and continued till the start of CsA tapering. CsA dose was modified to achieve therapeutic level of 150-200 ng/ml. CsA dose and duration was also modified depending on the risk of relapse, development of GVHD and toxicity. CsA was tapered from day ?90 and stopped by day ?180. In high risk patients, CsA was tapered from day ?60 and stopped by day ?120. In patients who developed significant CsA related nephrotoxicity or neurotoxicity, CsA was replaced by MMF. Intravenous CsA was replaced by oral CsA upon resolution of mucositis and diarrhea. MMF was administered from day -1 to day ?30. MTX was given iv at 15 mg/m 2 on day ? 1 and 10 mg/m 2 on day ? 3, ?6, ?11. MTX doses were omitted if patient developed grade IV oral mucositis. Two patients who underwent HID transplant received post transplant cyclophosphamide (50 mg/kg on day ?3 and ?4) in addition to CsA ? MMF (started on day ?5).In HID patients the dose of MMF was 15 mg/kg thrice daily till day ?35 if there were no signs of acute GVHD. In addition to standard GVHD prophylaxis, patients who underwent one antigen mismatched sibling donor transplant or MUD transplant received rabbit anti-thymocyte globulin (Thymoglobulin) at a dose of 2.5 mg/kg/dose on day-2 (1 dose) or day-2 to day-1(2 doses). Azole antifungal prophylaxis was used in all patients and continued till day ?100 of transplant or longer if patient was on steroids for treatment of GVHD.
Definitions
Acute GVHD GVHD developing in first 100 days of transplant. The diagnosis and grading of aGVHD was done clinically according to standard criteria [18, 19] . Histological confirmation was done only in patients with suspected upper gut and skin GVHD. Patients with suspected lower gut GVHD did not undergo colonoscopy and biopsy. Diagnosis of lower gut GVHD was made clinically.Treatment of aGVHD was started with methylprednisolone 1-2 mg/kg/ day given intra-venously, followed by tapering upon clinical improvement [19] .
Chronic GVHD
GVHD developing after 100 days of transplant. cGVHD was classified as limited stage or extensive stage according to standard criteria [20] . Treatment of cGVHD was initiated with local steroids with or without addition of systemic steroids depending on the site of cGVHD and response to local steroids.
Engraftment
Time to myeloid engraftment was defined as first of 3 consecutive days with an absolute neutrophil count of C0.5 9 10 9 /L [21] . Time to platelet engraftment was defined as first of 7 consecutive days when the platelet count is maintained C20 9 10 9 /L without platelet transfusion.
TRM
Death occurring in the post-transplant period not related to relapse of leukemia.
Relapse Free Survival (RFS)
The time interval between date of transplant and date of relapse or death or last follow-up if in CR.
Overall Survival (OS)
The time interval between date of transplant and date of death or last follow-up.
Statistical Considerations
For analysis patients were divided in 2 groups, grade II-IV aGVHD (group A) and no-grade I aGVHD (group B). To determine factors which might pre-dispose to grade II-IV aGVHD, univariate comparisons were done between group A and group B for discrete variables by Chi square test and for continuous variables by Mann-Whitney Test. Potential factors analyzed for increased risk of grade II-IV aGVHD were gender; diagnosis (AML, ALL); disease status at transplant (CR1, CR2, RR); ABO blood group and gender mismatch; conditioning regimen (FI, RI); GVHD prophylaxis used (CsA ? MTX, CsA ? MMF); type of donor (MRD, MUD, HID); source of stem cells (PBSCs, bone marrow, cord blood); cell dose infused (TNC, CD34 ? cells, CD3 ? cells). Two groups were also compared to determine the impact of severe aGVHD on transplant related outcomes including incidence of leukemia relapse, TRM, slippage of chimerism, RFS and OS. Survival analysis was done by Kaplan-Meier method and outcomes were compared using log-rank test.
Results
Seventy-seven transplants (52 males and 25 females) were done which included 52 (67.5 %) patients with AML, 23 (29.9 %) with ALL and 2 (2.6 %) with ABL. The median age was 30 years (range 6-51). Forty-two (54.5 %) patients were in first complete remission (CR1), 20 (26 %) in second complete remission (CR2) and 15 (19.5 %) in relapsed/refractory state (RR) at the time of ASCT. Seventeen (73.9 %) patients with ALL had high risk disease at transplant. Twenty two (42.3 %) patients with AML had poor risk disease. Sixty five (84.4 %) patients underwent MRD transplant, 10 (13 %) MUD transplant and 2 (2.6 %) HID transplant. Hematopoietic stem cell graft was PBSCs in 70 (90.9 %) transplants, bone marrow harvest in 5 (6.5 %) and cord blood in 2 (2.6 %) transplants (Table 1) .
Incidence, Severity and Risk Factors for aGVHD
Thirty four (44 %) patients developed aGVHD and median time to onset was 30 days. Fourteen (18 %) patients developed grade II-IV aGVHD while 20 (26 %) patients developed grade 1 aGVHD. Higher TNC infused was the only factor found significantly associated with increased incidence of grade II-IV aGVHD (Table 1) . Median TNC dose infused per kg body weight of patient was found to be 9.9 9 10 8 in group A compared to 6.6 9 10 8 in group B (P = 0.041). However, as 5 and 2 patients in no GVHD/ grade 1 GVHD had marrow and cord grafts respectively, we excluded these 7 patients and compared the TNC of the 2 groups with only PBSC grafts. When only PBSC grafts were evaluated, there was no significant difference in the infused TNC (9.88 9 10 8 vs 7.09 9 10 8 /kg, p = 0.12). There was no impact of gender, diagnosis (AML, ALL), disease status at transplant (CR1, CR2, RR), ABO blood group and gender mismatch, conditioning regimen (FI, RI), GVHD prophylaxis used (CsA ? MTX, CsA ? MMF), type of donor (MRD, MUD, HID), source of stem cells (PBSCs, bone marrow, cord blood), CD3 and CD34 cell dose infused on the incidence of severe aGVHD ( Table 1) .
Pattern of Organ Involvement in aGVHD
The most common site was gastro-intestinal tract, seen in 22 (65 %) patients. Nineteen (56 %) patients developed lower gut aGVHD, 2 (6 %) developed upper gut aGVHD 
Transplant Outcome
Systemic steroids were used in 28 patients, of which 26 patients (93 %) responded. Median duration of steroid usage was 10 weeks. Incidence of relapse and incidence of slippage of chimerism was 21 % and 36 % in group A while 37 % and 27 % in group B, respectively (P = NS). TRM was 21 % in group A and 13 % in group B (P = NS). Probability of OS and RFS at 4 years was 63 % and 34 % in group A compared with 40 % and 38 % in group B, respectively (P = NS) ( Table 2 ).
Discussion
Acute GVHD remains a common and one of the most morbid complication of allogeneic transplantation for hematological disorders. Over the past thirty years, few studies have made an attempt to identify factors associated with increased risk of aGVHD [11, 17] . However, due to significant variation in transplant practices, variation in underlying diagnoses, variation in condition regimens used, and variation in GVHD prophylaxis used, there exists variability in the risk factors most significantly implicated in aGVHD across these studies. Among the non-modifiable risk factors, gender mismatched transplants and in particular female donor-male recipient transplants have been found to be associated with increased risk of aGVHD [14] . In our study, we found that gender mismatched transplant did not increase the risk of severe aGVHD. Greater degree of HLA mismatch between patient and donor is associated with increased risk of aGVHD [11, 22] . There was concern that unrelated donor transplant might be associated with increased aGVHD compared to sibling donor transplant because of expected increase in degree of major and minor histo-compatibility mismatch. However, now there is evidence suggesting that outcome of 10/10 HLA matched unrelated donor transplant is similar to HLA identical sibling donor transplant with respect to incidence of aG-VHD [23] . In our study also, we did not find any significant difference in the incidence of severe aGVHD with respect to the type of transplant (MRD, MUD, HID). Few studies have reported that use of graft source as PBSCs has been associated with increased risk of cGVHD and less frequently, with aGVHD [12, [24] [25] [26] . Others have reported no impact of stem cell source on aGVHD [27] . In our study, patients who received bone marrow graft (8 %) were too small to make this comparison. However, we did not see any difference in incidence of severe aGVHD with respect to stem cell source. Few studies have also evaluated the impact of conditioning regimen (FI, RI) and use of TBI on the incidence of aGVHD [28] [29] [30] . These studies reported increased incidence and severity of aGVHD in patients receiving FI conditioning regimen. In our study, 71 % of patients received FI conditioning in group A (grade II-IV aGVHD) compared to 51 % in group B (No-grade I aGVHD). However, this association between FI conditioning regimen and severe aGVHD was not found statistically significant. Another important risk factor for the development of aG-VHD is the type of GVHD prophylaxis used. CsA combined with either MTX or MMF remain two of the most widely accepted GVHD prophylaxis regimens [19] . Few studies have reported decreased incidence of severe aGVHD with tacrolimus based prophylaxis regimens without any impact on survival [5, 6] . We used CsA ? MTX (69 %) and CsA ? MMF (31 %) as GVHD prophylaxis and found no significant difference in the incidence of severe aGVHD. Any influence of diagnoses on the incidence of aGVHD was limited in our study as only patients transplanted for acute leukemia were included.
Association of cell dose infused with aGVHD, cGVHD, relapse and survival is complex and has varied significantly between studies. One study reported increased risk of severe aGVHD with higher CD3 ? and CD34 ? cell doses in patients receiving ASCT [31] . Another study has reported decreased risk of relapse and no impact on aGVHD/cGVHD with higher nucleated marrow cell dose infused [32] . On the contrary, few others have highlighted increased risk of extensive cGVHD with higher TNC dose infused [33] . One recent study has reported higher TNC dose to be an independent factor associated with increased incidence of cGVHD, decreased relapse and improved overall survival [34] . However, none of these studies found an association between TNC dose and incidence of severe aGVHD. Contrary to this we found higher TNC to be significantly associated with increased incidence of grade II-IV aGVHD. This may be partly explained by the fact that increased TNC results in increase in the donor derived antigen presenting cells which take part in initiation and propagation of aG-VHD [35] . However, this also could partly be attributed to the fact that none of the patients with bone marrow or cord grafts developed acute GVHD. It is well known that bone marrow and cord grafts contain fewer nucleated cells compared to PBSC grafts. In keeping with this, when only PBSC grafts were evaluated, no significant difference was found in our study between the two groups. Gastrointestinal tract, skin and liver are the principal organs involved in patients with aGVHD. GVHD involving lower gastrointestinal tract manifests as large volume watery diarrhea which may become bloody, abdominal cramps, nausea and vomiting [36] . GVHD involving upper gastrointestinal tract manifests as anorexia, dyspepsia, food intolerance, nausea, and vomiting [37, 38] . Skin GVHD manifests as maculopapular rash that starting with palm and sole involvement. It can become pruritic, progressively involves other areas, can result in gereralized erythroderma and skin exfoliation. Liver GVHD manifests as jaundice from hyperbilirubinemia and increased serum alkaline phosphatase due to cholestasis. The pattern, frequency and severity of organ involvement in aGVHD have varied across studies. One large study reported 33 % incidence of grade II to IV aGVHD with gastrointestinal tract, skin and liver involvement seen in 74, 70 and 44 percent, respectively [5] . A study from India done in children transplanted for thalassemia major reported 28 % incidence of grade II-IV aGVHD [39] . In our study the incidence of grade II-IV aGVHD was 18 %. Overall, gastrointestinal tract was the commonest site (65 %) followed by skin (35 %). Thus, our findings are similar to those reported previously.. An interesting and as yet unexplained finding in our study was that no patient developed acute liver GVHD. Also, none of the patients developed aGVHD with simultaneous involvement of two organ systems. This is in contrast to the findings reported in earlier studies, where as much as 24 % patients with aGVHD had involvement of all three organs systems [5] . In our study, complete resolution of aGVHD was seen in 93 % patients who received systemic steroids. This compares well with other similar studies which have reported more that 90 % resolution rates of aGVHD with systemic steroids [37, 39] .
Severe aGVHD is associated with increased morbidity and mortality in ASCT setting [1, 40] . GVHD prophylaxis can effectively prevent aGVHD in majority of cases. However, few studies have reported increased risk of relapse associated with decreased incidence of GVHD secondary to GVHD prophylaxis [8, 9] . Higher doses of immunosuppressive agents used in GVHD prophylaxis also correlates with increased leukemia relapse [10] . Thus, both development of severe aGVHD (associated with increased TRM) as well as profound suppression of aGVHD (associated with increased leukemia relapse) might have negative impact on the final transplant related outcome i.e. OS. This protective effect of GVHD on leukemia relapse has largely been explained by the GVL effect mediated by donor derived T-cells. One study also highlighted the beneficial effect of cGVHD in decreasing leukemia relapse and increasing overall survival [41] . Similar beneficial effect on overall survival has not been demonstrated in terms of aGVHD [40, 42] . In our study also, development of any grade and grade II-IV aGVHD did not have a significant impact on post-transplant outcomes namely TRM, leukemia relapse, RFS and OS. Though the incidence of leukemia relapse was less in patients who developed severe aGVHD (21 %) compared to those who did not (37 %), it was not statistically significant. Similarly, there was a trend towards increased TRM in patients who developed severe aGVHD (21 %) compared to those who did not (13 %), it was not statistically significant. This non-significant increase in TRM in patients with severe aGVHD was compensated by non-significant decrease in relapse incidence resulting in similar probability of RFS and OS at four years (Figs. 1, 2) .
We included only acute leukemia patients in this study in order to eliminate the confounding factor of multiple diagnoses. This resulted in a relatively small sample size, which is probably one of the limitations of this study. Increase in TRM, decrease in leukemia relapse and increase in probability of OS at 4 years seen in patients with severe aGVHD might have not reached statistical significance because of the sample size. A larger sample size may have demonstrated more convincingly the correlation of severe aGVHD with TRM and leukemia relapse. However, we believe that even with a larger sample size it would have been difficult to draw any conclusion on the association of aGVHD with long term survival. Larger studies with much longer follow up are probably required to answer this question. In conclusion, gastro-intestinal tract was the commonest site of aGVHD in our patients with acute leukemia who underwent ASCT. No patient developed acute liver GVHD. Development of grade II-IV aGVHD did not have an impact on transplant related outcomes namely TRM, leukemia relapse, RFS and OS.
